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Blgindi 2 [21 . $Ax=\lambda x$
. $x$ $k$ $x_{k}=1$ .
, $\lambda=A(k, :)x$ . 2
$F=Ax-xA(k, :)x=0$ (1)
. (1) $n-1$ , $n-1$ .
, 1 . ,
$x^{(l+1)}=x^{(l)}-J(x^{(l)})^{-1}F(x^{(l)})$ , $l=0,1,2,$ $\cdots,$ $l_{\max}$ (2)
. , $J$ $F$ .
2 . (2) 1 $\lambda,$ $x$ .
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$X=$ $(x_{1}$ $x_{2}$ . . . $x_{n})$ . ,
$A$






$t$ . $A(O)$ $X(O)=I_{l}$ . , $A(h)$
$X(O)$ (2) $X(h)$ .
, $A(kh)$ $X((k-1)h)$
$X(kh)$ . $A(1)=A$ $X(1)=X$
. $A$ $X$ , $h$ .
Elgindi $A$




. , , $h=0$





. $A\in \mathbb{C}^{nxn}$ . $A$ . $x$
$(z,x)=z^{H}x=C$ . , $C$ . $z=e_{k},$ $C=1$
Elgindi .
$\lambda=\mathbb{R}_{A}(z,x)=\frac{(z,Ax)}{C}=\frac{(A^{H}z,x)}{C}=\frac{(w,x)}{C}$ , $w=A^{H}x$ (6)






$x^{(l+1)}= \frac{Cy^{(l)}}{(z,y^{(0})}$ , $y^{(l)}=x^{(l)}-J(x^{(l)})^{-1}F(x^{(l)})$, $l=0,1,$ $\cdots,l_{\max}$ , (9)






$x^{(l+1)}= \frac{Cy^{(l)}}{(z,y^{(l)})}$ , $y^{(l)}= \frac{\lambda^{(l)}}{(w,\hat{x}^{(l)})/C-1}\hat{x}^{(l)}$, $\hat{x}^{(l)}=(A-\lambda^{(l)}I)^{-\iota_{X^{(l)}}}$ , $\lambda^{(l)}=(w,x^{(l)})/C$ (12)
. $F$
$x^{(l)}$ . , $x^{(l)}$ $(z,x)=C$
$C=C^{()}=(z,x^{(l)})$ (13)
, . $x^{(l’}$ $(z,x^{(l)})=C^{(l)}$
$||x^{(l)}||=1$ , (12)
$x^{(l+1)}= \frac{\hat{x}^{(l\gamma}}{||\hat{x}^{(’)}||}$, $\hat{x}^{()}=(A-\lambda^{(l)}I)^{-1}x^{(l)}$ , $\lambda^{(\gamma}=(w,x^{(l)})/C^{(l)}$ , $C^{(i)}=(z,x^{(l)})$ (14)
. (14) [1, p. 1941 , 2
. (14) . , $X^{(l)}$
$||x^{()}||=1$ , $z=x^{(\iota\gamma}$ , (14)
$x^{(l+1)}= \frac{\hat{x}^{(\gamma}}{||l^{(l)}||}$ , $\hat{x}^{(i)}=(A-\lambda^{(l)}I)^{-1}x^{(l)}$ , $\lambda^{(l)}=(x^{(l)},Ax^{(l)})$ (15)
. (15) . (15)





Algorithm 1. Rayleigh quotient iteration of plane type.




do while $l\leq l_{\max}$ and $E\geq\epsilon_{itr}$











$A=(0.303418747$ $0.48360.303412684$ $-017720.\cdot 483628570$ (16)
. $(z,x)=C$ $x^{(0)}=z+xp_{1}+yp_{2},$ $-10\leq x\leq 10,$ $-10\leq y\leq 10$
. , $\{z,p_{1},p_{2}\}$ .
(14), (15) $\lambda,$ $x$ , $\lambda=1$
, $\lambda=2$ , $\lambda=3$
. $z=e_{3}$ l(a), (b) . , $\lambda=1,2,3$
$A=(0.9953$ $-5.8379-1.6492-1.41934.61720.41851^{\cdot}2532$ (17)
. $x^{(0)}=z+xp_{1}+yp_{2},$ $-5\leq x\leq 5,$ $-5\leq y\leq 5$ ,





$X_{3}$ . $z$ $z\perp x_{3}$ .
1(e) . $\lambda_{3}$ .
$(z, x)=C$ $x_{3}$ , $x_{3}$ .
, $x_{3}$ . , $\lambda_{2}$ $x_{2}$
. $z\perp x_{2}$ 1(f) .
, $\lambda_{2}$ . , $\lambda_{2},$ $\lambda_{3}$ . $z\perp\langle x_{2},x_{3}\rangle_{R}$





Algorithm 2. Successive Rayleigh quotient iteration of plane type.
$[X, D]=$ function SPRQI$(A)$
Randomly choose $z$ .
for $k=1,2,$ $\cdots$ , $n$
$[x_{k}, \lambda_{k}, E_{k}]=$ PRQI$(A, z)$
Randomly choose $z\in W_{k}^{\perp},$ $W_{k}=\langle x_{1},$ $\cdots$ , $x_{k}\rangle_{C}$ .
end
$X=(x_{1}\cdots x_{n});D=$ diag$(\lambda_{1}, \cdots, \lambda_{n})$
Algorithm2 $W_{k}^{\perp}$ $z$ . $\{X\iota, \cdots,x_{k}\}$
$\{q_{1}, \cdots, q_{k}\}$ , $z$ $q_{1},$ $\cdots,$ $q_{k}$






Algorithm 3. Successive Rayleigh quotient iteration of plane type.
$[X, D]=$ function SPRQI$(A)$
$\theta_{same}=0.1^{o};\epsilon=10^{-12};t_{\max}=100n$
Randomly choose $z;k$ $:=0$ ;
for $t=0,1,2,$ $\cdots,$ $t_{\max}$
$[x, \lambda, E]=$ PRQI$(A, z)$
160
$[ \theta, j]=\min_{1\leq j\leq k}\frac{180}{\pi}\cos^{-1}\frac{|(x_{j},x)|}{||x_{j}||||x||}$
if $\theta\geq\theta_{same}$
$k:=k+1;x_{k}:=x;\lambda_{k}:=\lambda;E_{k}:=E$




if $k’\geq n$ break
Sort $\{x_{1}, \cdots , x_{k}\}$ to ( $q_{1},$ $\cdots$ , $q_{k}\}$ by $(E_{1},$ $\cdots$ , $E_{k}\}$ in ascending order.
Orthonormalize $\{q_{1}, \cdots , q_{k},\}$ by Gram-Schmidt.
Randomly choose $z\in W_{k}^{\perp},$ $W_{k}=\langle q_{1},$ $\cdots$ , $q_{k},\rangle_{\mathbb{C}}$ .
end
$X=(x_{1}\cdots x_{n});D=$ diag$(\lambda_{1}, \cdots , \lambda_{n})$
5
Algorithm3 . Linux2.4.31, GNU C
Compiler3.3.5, CLAPACK3.0 (dgesv, zgesv, BLAS) .
$E_{\max}= \max_{k}||Ax_{k}-\lambda_{k}x_{k}||_{\infty}$ (18)

















. (19) . $2(a)-(d)$ . 2(a)









. (20) . $2(e)-(h)$ . 2(e)












. $3(a)-(f\gamma$ . 3(a), (e)
$2^{o}$ $E_{\max}$ $O(10^{-14})$ . $2^{o}$
. 3(t) $2^{o}$ $t=n$ , $2^{o}$
.
[11 F. , ( ) , 2003.
[2] M. B. Elgindi and A. Kharab, The quadratic method for computing the eigenpairs of a
matrix, Intem. J. Computer Math., 73 (2000), 571-530.
[3] K. Kondo and Y. Nakamura, Determinantal solutions of solvable chaotic systems, J.
Comp. Appl. Math., 145 (2002), 361-372.
[41 , , , , , 1991.
[5] J. Rutter, A serial implementation of Cuppen’s divide and conquer algorithm for the
symmetric eigenvalue problem, Computer Science Division Report No. UCB//CSD-94-
799, University of Califomia.
162
(a) (16), (14)
(C) (17), (14) (d) (17), (15)
$\mapsto-*K^{k}$
$\overline{\circ\backslash y}$ .
$\Lambda\hat{\ovalbox{\tt\small REJECT}}_{\}}\mathscr{E}-\ovalbox{\tt\small REJECT}_{\infty}\ovalbox{\tt\small REJECT} \mathscr{Z}^{\#_{\overline{r}^{\mu}}}$ .
$–$$l-$
(e) (17), (f) (17), (g) (17),
(14), $z\perp x_{3}$ (14), $z\perp x_{2}$ (14), $z\perp\langle x_{2},x_{3}\rangle_{R}$
1: .
163
(c) glued-Wilkinson (19): Newton steps
(g) Hilbert (20): Newton steps (h) Hilbert (20): Time
2: 1
164
(b) Toeplitz (21): Minimum angle
(c) Toeplitz (21): Newton steps
(e) Toeplitz (21): Error (f) Toeplitz (21): Trials
3: 2
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